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Abstract. The skeletal composition of 273 sediment 
samples, collected within 14615 km2 of lagoon habitat in 
New Caledonia (Ouvea and Chesterfield atolls and eastern 
and northern lagoons of the main island), was analyzed. 
Major constituents were molluscs (bivalves and gastropods), 
foraminifers, and Hulimeda plates. The quantitative exam- 
ination showed that, even in a pure coralline structure such 
as the two atolls studied, coral debris and calcareous algae, 
potentially produced within the barrier reef, never cons- 
tituted a dominant element in the lagoonal sediments. 
Distribution of coral debris showed that coral is significant 
only close to the barrier reef (i.e. passes and back-reef 
slope). From the point of view of sedimentology, this 
suggests that the major role of the barrier reef is to provide 
a physical barrier that allows the development and preser- 
vation of lagoon Sediments. Sedimentation within the 
lagoon of grains coarser than 63 pm is the result of in situ 
organic production combined with low hydrodynamic 
control. 
Introduction 
The main island of New Caledonia (surface .area 
16900 km') is oriented along a NW-SE axis between lati- 
tudes 20" S and 22" 30's and longitudes 164" E and 167" E. 
It is nearly 500 km long, and only 50 km wide. The island is 
surrounded by over 1500 km of barrier reef, extending far 
beyond the island to the north and the south, and enclos- 
ing four extensive lagoons stretching from 19" S to 23" S 
and from 163" E to 168" E: northern lagoon, east-coast 
lagoon, west-coast lagoon and southern lagoon (Fig. 1). 
These lagoons have a combined area of 23 400 km2 (Tes- 
taud and Conand 1983). Beside these four main-island 
lagoons, the Territory of New Caledonia also has five atoll 
lagoons: Chesterfield (4815 km2), Huon (315 km2), Sur- 
prise (480 km2), Ouvea (850 km2) and Beautemps-Beaupré 
(120 km2). These lagoons were surveyed for color, carbon- 
ate content, grain-size analysis, tcsturai parameters and 
skeletal composition, in order to identify and characterize 
the various sedimentary environments. In this study we 
i , 
i 
present a synthesis of data on the skeletal composition of 
. sediments from four New Caledonia lagoons (Eastern, 
Northern, Ouvea Atoll, and Chesterfield Atoll). We then 
focus on coral debris and its contribution to the sedimen- 
tation of these lagoons. 
Materials and methods 
A total of273 surface sediment samples was collected over 14615 km2 
of soft bottom in New Caledonia. The study area includes the 
lagoons of Ouvea and Chesterfield atolls, and the eastern and 
northern lagoons of New Caledonia's main island (Fig. 1). Except in 
the northern lagoons, where we used stratified sampling, systematic 
sampling was carried out following a 2 to 3 nautical-mile grid (Figs. 2, 
3 and4). In  the northern lagoon, we had earlier performed a principal 
component analysis on textural and granulometric parameters (215 
samples), in order to define the main type of sedimentary environ- 
ments (passes, inner reef slopes, lagoonal plain, central deposit areas, 
coastal fringe and coastal bays). This work (Chevillon 1992) was 
followed by collecting 66 samples, representing the various environ- 
ments identified, and complemented by a series taken at. regular 
intervals along the lung and short axes of the lagoon (Fig. 5). Details 
on sampling equipment and methods used are shown in Table 1. 
After homogenization, the samples were dried, weighed, and the 
mud fraction was removed by washing through a 3.984 sieve 
( 6 3 ~ ) .  The remaining sediment, i.e., sand and gravel fraction 
(coarser than 3.98 4), was dried and weighed again, and dry-sieved 
using the following mesh sizes: 3.98, 3.00, 2.00, 1.00, 0.00, -1.00, 
-1.32, -2.00, -2.32, -3.00, -3.32, -4.00, -4.324. We thus 
obtained 13 size fractions, which were weighed and expressed as 
a percentage of the initial sample. Particle constituents were identi- 
fied and counted under a binocular. microscope using a Stratmann 
counting dish. This dish has 45 cells of 1 cm2 each. For each sample 
and each size fraction, a cell is chosen at random and all grains within 
it are identified and counted; another cell is then chosen until at least 
100 grains are examined (1300 grains per sample), knowing that once 
a cell is started, all the grains it contains have to be examined (Masse 
1970). 
. 
Results 
Qrtantitatioe variations in skeletal compositiori 
The major skeletal constituents identified in our samples 
were mollusc shells (bivalves and gastropods) benthic 
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Table 1. Sampling methods and equipment 
used in the different lagoons studied Lagoons Sampled area Sampling grid Analysed 
(km2) Sampling type (nautical miles) Equipment samples 
Uvea atoll 850 Systematic 2 Hand-operated 59 I 
10 cmZ corer ,. 
(scuba-dives) 
Chesterfield 4815 Systematic 3 Smith-McIntyre 102 
East coast 550 Systematic 2 Dredge 46 
Northern 8400 Stratified +2 
transverses - Neyrpic grab 66 
Islands grab 
tubes, scaphopod and pteropod molluscs, grain aggre-. 
gates, altered grains (brown, green, gray, or black particles 
of unknown biological origin), and lithoclasts were 
grouped as “other” because of minimal contribution to the 
sediment composition. Unidentified bioclastic particles 
corresponded to medium or small-sized grains altered by 
abrasion or microboring. 
Ouvea Atoll lagoon 
In the Ouvea atoll lagon, the biophase (i.e., biogenic part of 
sediments) was largely dominated by molluscs (mean 
abundance = 51.4% for n = 59), with bivalves predominant 
(20.8%) over gastropods (10.8%). Foraminifers mean 
abundance was 6.5%. Coral debris represented only 3.8% 
of the skeletal constituents with variations from 0% to 
48.4%. Another significant constituent was Halimeda 
plates (2.5%), whereas total calcareous algae (Halimeda 
plus red calcareous algae) reached 3.4%. Other constituents 
contributed only a minor fraction to the biophase: crusta- 
ccillls ( I .  I % Tor milsrof(lrI11s d ostracods). cchi11odt.rl11s 
(0.9%), and bryozoans (0.5%). Scaphopod and pteropod 
molluscs, alcyonarians and sponge spicules, serpuljd worm - 
ed no more than 3.5%. The quantity of unidentified grains 
28.9% was the highest encountered in this study (Fig. 6). 
An ordered arithmetic binomial classification of major 
constituents would characterize the Ouvea lagoon as 
a molluscs-foraminifers biofacies (MolFor). 
tubes, aggregates, altered grains and lithoclasts represent- * ..- 
Chesterfield Island lagoon 
The major constituent of the biophase of Chesterfield 
Islands lagoon was Halimeda plates (45.2%). Red cal- 
careous algae represented 2.1%, hence the total calcareous 
algae was 47.3% (n= 103). The second most abundant 
constituent was represented by foraminifers with 18.4%. 
Molluscs ranked third with only 14% of the skeletal 
constituents. The proportion of bivalves (4.2%) and gas- 
tropods (6.4%) was quite similar. Coral represented only 
1.8% (with a maximum at 23.2%) of biophase (4th place). 
Among the other debris ((,Yb). only bryo/uaiis and 
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Fig. 6. Mean abundance (n = 59) of skeletal constituents in the 
Ouvea lagoon (Biv: bivalves; Gast: Gastropods: Mol. Ind.: indetermi- 
nate molluscs; Tot. Mol.: total molluscs; Fo: foraminifers: M a d  
madreporarian corals; Hal: Halimedu; Rho: red calcareous algae; 
Tot. Alg.: total calcareous algae; Cru; crustaceans; Ost: ostracod 
crustanceans; Tot. Cru.: total crustaceans; Ech echinoderms; Bryo: 
bryozoans; Others; alcyonarian and sponge spicules, serpulid worm 
tubes, scaphopod and pteropod molluscs, grain aggregates, altered 
grains and lithoclasts; Ind: indeterminategrains). Vertical bars corre- 
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Fig. 8. Mean abundan&(n =45) of skeletal constituents in the East 
coastal lagoon (same abbreviations as in Fig. 6). Vertical bars 
correspond to standard deviations of the mean 
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Fig. 9. Mean abundance (n = 66) of skeletal constituents in the 
Northern lagoon (same abbreviations as in Fig. 6). Vertical bars 
corrcspond I O  standard dcviations or thc meitn 
echinoderms reached more than 1% (Fig. 7). The mean 
percentage of the indeterminate particles was 12.5%. 
This lagoon is characterized as a Halimeda-foraminifers 
biofacies (Hal For). 
East coast lagoon 
In the sediments of the east coast lagoon, the major 
skeletal components were foraminifers (27.2%) and mol- 
luscs (21.8%, with 10.6% bivalves, and 9.9% gastropods) 
(n = 44). The third bioclast identified was Halimeda (3.9%) 
whereas the total for calcareous algae was 6.4%. Coral 
debris ranked only 8th (0.7%) behind pteropods (2.8%), 
echinoderms (2.5 Yo), bryozoans (2.4%), and crustaceans 
(1.3%). The maximum value for coral debris was 7.7%. 
Black or grey reduced grains are 9.7%, aggregates are 
2.4%, and lithoclasts are 1.6% (only found in this lagoon). 
The mean percentage for indeterminate grains is 17.7% 
(Fig. 8). The ordered classification here produces a ForMoI 
biofacies (foraminifers-molluscs). 
Northern lagoon 
The biophase of the northern lagoon was characterized by 
the predominance of molluscs (36.6%); foraminifers were 
17.4% and Halimeda 13.4%. Among molluscs, bivalves 
dominated (17.7%) over gastropods (11.8%). Coral repre- 
sented 4.6% (4th place) of the biophase (maximum at 
31.6%), more than in Ouvea or Chesterfield atolls(n = 66). 
In 5th place were crustaceans (2.8%). "Others" represented 
11.2% with 8.5% of reduced grains and 1.2% of aggre- 
gates. Unidentified particles represented only 8.6% (Fig. 
9). The biofacies is the same as in the Ouvea lagoon; 
molluscs and foraminifers (MolFor). 
Mean skeletal composition for all lagoons surveyed 
Figure 10 shows that, when all New Caledonian lagoons 
studyed are pooled (n = 273), the most significant con- 
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Fig. 10. Mean abundance of skeletal constituents ( I I  = 273) for the 
four New Caledonia lagoons studied (same abbreviations as in Fig. 
6). Vertical bars cnrrcspond t o  standard devi:itions of lhe means 
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Table 2. Abundance of coral debris in the four lagoons studied 
-~ 
Coral content (Yo) Percentage of samples 
Ouvéa Chesterfield East North 
-~ 
O 35.6 51 69.6 40.9 
1-5 55.9 42.2 28.3 37.9 
6-10 1.7 2.9 2.2 4.5 
11-20 1.7 2 O 7.6 
21-30 O 2 O 7.6 . 
3 1-50 5.1 O O 1.5 
t - 1"E 1-E I I I I I I 
Fig. 11. Distribution ofcoraldebris in the Ouveafagoon(1: nocoral, 
2: 1-5%, 3: 6-lOYO, 4 11-20%, 5: 21-30%, 6: 31750%) 
tributors to sediment production are, in order, molluscs 
(30.9%), with a preponderance of bivalves (13.3%), 
foraminifers (17.3 %) and Halimeda plates (16.2%). Coral 
debris represents only 2.7% of the composition of- the 
lagoon sediments. 
Abundance and distribution of coral debris 
Ouvea atoll lagoon 
In all of the sediment samples collected in Ouvea lagoon 
(i.e., soft bottom not under theinfluence of the barrier reef), 
coral debris never exceeded 5%. Furthermore, 55.9% of 
the samples contained only 1 to 5% coral, and 35.6% 
contained no coral debris at all. The higher values for coral 
debris content (1 1 to 50%) were found exclusively at the 
periphery of the lagoon, and especially near the barrier reef 
(back-reef slope), but only 5.1% of the samples contained 
31 to 50% coral debris (Table 2 and Fig. 
204 
I '  l Chesterfield Islands lagoon 
In most of the Chesterfield lagoon sediments, coral-debris 
content was very low: 51% of the samples did not contain 
coral and 42.2% contained only 1 to 5% coral, even for 
stations located near passes or very close to the barrier reef 
(Table 2 and Fig. 12). The highest value for coral debris did 
not exceed 30%, and only 2% of samples contained values 
higher than 21% to 30% coral. The sampling stations with 
more than 11% coral (11-20%, 2%; 21-30%: 2%) were 
located in the extreme south of the atoll, on shallow 
bottoms of the Acropora bush zone, and at the ends of the 
threshold which marked the edge of the wide-open part of 
the lagoon. 
East coast lagoon 
The coral content in the sediment of the east coast lagoon 
was never more than lo%, and no corals were found in 
69.6% ofthe samples analyzed. Coral content was only 1% 
to 5% in 28.3% of samples and only one sample (2.2%) 
contained more than 5% coral debris. Among the stations 
which contained coral, some were located near the external 
barrier reef or near a pass, but more than half were 
encountered in the middle of the lagoonal plain (Table 
2 and Fig. 13). 
Fig. 12. Distribution of coral debris in the Chesterfield Islands la- 
goon (1: no coral, 2 1-5%, 3: 6-lo%, 4: 11-20%, 5: 21-30%) 
Northern lagoon 
In the northern lagoon, coral content exceeded 30% (30 to 
50%) in only one sample (1.5%), located close to the 
barrier reef (Table 2 and Fig. 14). The 21-30% coral- 
content group was represented by 7.6% of the samples; one 
of them was located in the middle of the lagoon, and the 
Fig. 13. Distribution of coral 
debris in the east coast lagoon 
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Fig. 14. Distribution of coral debris in the northern lagoon (1: no 
coral, 2: 1-5%, 3: 6-IO%, 4: 11-20%, 5: 21-30%, 6: 31-50%) 
others were found close to the reef or close to a pass. The 
same situation occurred with the 11-20% group, which 
represented 7.6% of the samples, and again were fre- 
quently located near the barrier reef and rarely in the 
middle of the lagoon. All the stations that contained 6 to 
10% coral (representing 4.5% of samples) were located at 
the periphery of the lagoon, i.e. under the influence of the 
barrier reef. The 1-5% coral-content group accounted for 
37.9% of the samples, the majority of which were located 
in the south-eastern part of the lagoon and regularly 
distributed around the northern extremity of the main 
island (bays or lagoonal plain). Note that a great percen- 
tage of the samples (40.9%) contained no coral debris even 
when collected very close to the barrier reef. 
Discussion 
The results obtained during this study show that the 
principal constituents of the lagoon-sediment biophase in 
New Caledonia are molluscs (bivalves and gastropods), 
foraminifers, and Halinzeda plates. This general result re- 
mained valid whatever geomorphology was investigated. 
Coastal lagoons such as the one off the east coast, subject 
.to a terrigenous-carbonated mixed sedimentation, were 
characterized by a foraminifers-molluscs biofacies. Inter- 
nlcdiatc lagoons such ;is the nortlicrn lagoon. (subjjcctcd i n  
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its southern portion to a terrigenous influence, in its 
central portion to the influence of high islands, and in its 
northern portion strictly to the influence of the barrier 
reef) show a molluscs-foraminifers biofacies. Isolated 
oceanic atoll lagoons are characterized by molluscs-fora- 
minifers biofacies (Ouvea) or Halimeda-foraminifers 
biofacies (Chesterfield). The highest contribution from the 
reef-building organisms would be expected in these 
oceanic and coralline structures. However, this is not the 
case, as coral and calcareous red algae detritus, character- 
istic of the main reef bioclasts, only represented 3.8% and 
0.9% respectively in the sediments of Ouvea lagoon and 
1.8% and 2.1% respectively in those of Chesterfield. 
This small contribution of the reef structure to the 
sedimentation of the lagoon is not a new finding; the 
common mistake of referring to “coral sand” had been 
pointed out as early as 1954 by L. V. Illing in his study of 
the calcareous sands of the Bahamas: “Despite numerous 
references to coral sand on the Admiralty charts, mad- 
reporarian corals are chiefly confined to the marginal 
zone, and occur only in isolated and local reefs over the 
Bahamas Bank as a whole.” 
It is difficult to compare our results with those of other 
sedimentologists, as the majority of their work focuses 
only on reef and inter-reef sediments (Flood et al. 1978; 
Flood and Scoffin 1978; Macintyre et al. 1987; Maxwell 
et al. 1964; McLean and Stoddart 1978; Montaggioni and 
Mahé 1980) or on sediment composition of fringing reef 
facies (Boss and Liddell 1987; Yamanouchi 1982, 1984; 
Yamanouchi and Hasegawa 1988). In these environments 
the situation is quite different, and coral and red-cal- 
careous algae debris are frequently the main contributors 
to sediments, as particularly shown by McLean and Stod- 
dart (1978) on the reef island sediments of the northern 
Great Barrier Reef, by Yamanouchi (1982,1984) and 
Yamanouchi and Hasegawa (1988) on sediments of coral 
reefs and beaches of Ja‘pan, by Montaggioni. and Mahé 
(1980) on the reefal sediments from Mauritius Island 
(Western Indian Ocean) or by Boss and Liddell (1987) on 
Jamaican fringing reef sediments. 
Few studies concentrate only on lagoonal sediments. 
However, an examination of the raw data from most 
authors supports our main conclusion that coral is not 
a major constituent of lagoon sediment. Thus the raw data 
of Orme et al. (1978), based on sediments sampled between 
Lizard Island and Day, Carter, and Yonge outer ribbon 
reefs (northern region of the Great Barrier Reef Province), 
show that coral is not common,except on reef-top deposits 
and on fringing reefs, and that Haliizeda debris is the 
principal constituent forming the lagoon sediments. In the 
outer reef shelf of the central region of Great Barrier Reef 
of Australia, the raw data of Scoffin and Tudhope (1985) 
reveal that coral abundance is high only close to the reefs 
and submerged rocky substrate. The data of Maiklem 
(1970) from the inter-reef lagoonal plain of the Capricorn 
Reef Complex show similar results. McKee (1958) and 
McKee et al. (1959) show that, in the Kapingamarangi 
Atoll, lagoon sediment is mainly formed of foraminifers, 
shell fragments, and Hafirneda. while fragments of broken 
coral are restricted to a belt of branched living corals. In 
ihc lagc>on of M a y o t ~ e  Islancl. thc dutu of Knuyoumunt- 
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zakis (1989), Masse et al. (1989) and Thomassin et al. 
(1989) showed that lagoonal plain sediments are character- 
ized by the association molluscs-foraminifers. Nearer our 
field of study, in the south-western lagoon of New Ca- 
ledonia, Debenay (1987) showed that foraminifers and 
molluscs are the most widely represented bioclast-produc- 
ing organisms, and his data reveal that coral debris is 
restricted to back-reef slopes and around isolated patch 
reefs. The only authors who have specifically pointed out 
the paucity of coral in lagoon sediments are Emery (l948), 
Illing (1954) and Tudhope et al. (1985). Emery (1948) noted 
that coral constitutes a relatively small percentage of the 
bottom sediment in the Bikini atoll. The same situation 
was observed on Bahamas Banks (Illing 1954), where coral 
debris was distributed sporadically in patchy reefs on the 
shelf, usually close to the cays, and along some of the 
inter-cay channels. In Suwarrow atoll (Cook Islands), 
Tudhope et al. (1985) noted the paucity of coral sediment 
within the lagoon and found that Halimeda and benthic 
foraminifers accounted for the bulk of lagoon sediment 
production. However, some of these authors (Masse et al. 
1989; Thomassin et al. 1989; Tudhope et al. 1985) pointed 
out that coral is present in all samples (= 10%). This is 
quite difi-erent from our results, and we attribute this 
difference to the much larger size of the New Caledonian 
lagoons. 
Thelow contribution of coral debris to the formation of 
lagoon sediments may be explained by several factors. 
Corals are slow growing and have durable skeletons which 
are broken down slowly by bioerosion and the action of 
powerful hydrodynamic forces (Maxwell 1968; Montag- 
gioni and Mahé 1980). Coral productivity is also control- 
led by the colony form: branched, upstanding, delicate or 
encrusted and massive. The most productive species are 
found primarily in the upper 20 meters (Faure 1977). 
Furthermore, coral fragments are relatively large and have 
little buoyancy and are thus less likely to be displaced by 
wave and current action (Maxwell 1968; Maiklem 1970). 
Thus coral debris occurs only in significant amounts near 
reef structures. On the lagoonal plain (17 to 70m in New 
Caledonia) the absence of corals species and of strong 
hydrodynamic action may explain the low percentage of 
coral debris. Moreover, coral debris in the lagoon may 
result from free-living corals (G. Heteroprammia, Hetero- 
cyatos). We also note that, in New Caledonia, exposed reef 
structures capable of producing coral particles only repre- 
sent 10 to 20% of the whole lagoon area. 
It is interesting to compare the íow bioclastic productiv- 
ity of coral with that of Halimeda. Because of the abun- 
dance of Halimeda, its high growth rate, and its ability .to 
fragment (into its natural segments), and the dispersion of 
plates (due to shape and low density), Halimeda represents 
one of the major bioclastic constituents of lagoon sediments. 
Conclusion 
Large sedimentary areas within coral lagoons, which have 
accumulated particles of essentially biological origin, are 
often considered to result from dispersion of reef material, 
with ad J i t ion a I i i1 p II t s Troni 1 x 1  ngrovc sw :i 112 ps a 1-1 d IC r- 
rigenous particles (lithoclasts). Our studies, extending over 
large areas with a variety of geomorphological lagoon 
types and based on a great number of samples, show that 
this conclusion is unfounded and that the contribution of 
the reefs to the sedimentation of lagoons is minimal. This 
suggests that reef serves primarily as a physical barrier that 
makes the existence and preservation of the lagoon pos- 
sible. Our previous work on textural and granulometric 
characteristics of the soft bottoms in the northern lagoon 
southern lagoon, Chesterfield lagoon and Ouvea lagoon, 
has shown the autochthonous or quasi-autochthonous 
nature of lagoon sedimentation as a result of a general low 
hydrodynamic forces and generally low rate of transporta- 
tion of sediments (Chevillon and Clavier 1990, 1988; 
Chevillon et al. 1992; Chevillon and Richer de Forges 
1988). More detailed study on the northern and Ouvea 
lagoons, dealing with skeletal composition, shows more 
accurately the lagoonal sediments primarily depend on in 
situ .benthic organisms (Chevillon in press, 1990, 1992; 
Richer de Forges et al. 1988). Thus, despite terrigenous and 
reefal sources of sediment at the inner and outer edges of 
the lagoon, lagoonal sedimentation does not derive from 
these inputs but rather is the direct result of the production 
in situ of the indigenous benthic populations in connection 
with low hydrodynamic control. 
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